Abstract Climate change has serious effects on the setting up and the operation of natural ecosystems. Small increase in temperature could cause rise in the amount of some species or potential disappearance of others. During our researches, the dispersion of the species and biomass production of a theoretical ecosystem were examined on the effect of the temperature-climate change. The answers of the ecosystems which are given to the climate change could be described by means of global climate modelling and dynamic vegetation models. The examination of the operation of the ecosystems is only possible in huge centres on supercomputers because of the number and the complexity of the calculation. The number of the calculation could be decreased to the level of a PC by considering the temperature and the reproduction during modelling a theoretical ecosystem, and several important theoretical questions could be answered.
Introduction and Aims
Direct and indirect effects of the climate change on the terrestrial and oceanic ecosystems could also be observed in the last decades. Researches show that there are changes in phenological, morphological and physiological properties of taxa and changes in spread of species, in frequency of epidemics. But the potential effects of climate change on natural ecosystems and the answers given by living communities are less known. This is because of the complexity of natural ecosystems.
There are changes in the spread and local abundance of wild regional species which are caused by climate warming during the last years. Parmesan et al. [13] have studied 57 European butterflies in order to separate the climatic and non-climatic effects on the spread of the animals. There was a systematic shift northwards in the spread of most of the studied species during the twentieth century. There were data on 35 species related to the northern and southern borders of their spread; the area of two thirds of these species has shifted northwards by 30-240 km, and 6% of them has shifted southwards.
There are similar results in local researches related to some plants in the Alps in Switzerland and birds in Costa Rica. Similarly, the red fox has gone northwards to the territory of the arctic fox, while the arctic fox has gone back to the poles [5] . Summarising the results of the researches, climate change has an important effect on natural populations.
Several scientists have examined the Euphydrias editha for 40 years. It seems that the dynamic of the local population is managed by extreme weather conditions; therefore, the borders of its expansion are affected by the climate [13] .
The important community-ecological researches have three main approaches related to methodology considering climate change. Ecologists working in the field observing real natural processes have aspired to interfere as little as possible with the processes [21] . The aim is to describe the community ecological patterns unbiased [9] [10] [11] .
The other school of ecological researches examines hypotheses about natural processes. The basis of these researches is testing different predictions in manipulative trials [17] . The third part of ecologists deals with modelling where a precise mathematical model is made for basic and simple rules of the examined phenomena.
The work of the modelling ecologists consists of two parts. The first one is testing the mathematical model with case studies, and the second one is developing (repairing and fitting again) the model. These available models are sometimes far away from the observations of field ecologists because there are different viewpoints. In the course of modelling, the purpose is to simplify the phenomena of nature; in case of field observations, ecosystems appear as complex phenomena.
It is obvious that all the three approximations have advantages and disadvantages. There are two approaches: monitoring-and hypothetic-centred approximations. In the course of monitoring approaches, the main purpose is to discover the relationships and patterns among empirical data. This is a multidimensional problem where the tools of biomathematics and statistics are necessary. Data originate from large monitoring systems (e.g. national light trap network, long-term ecological research).
In case of hypothetic-centred approaches, known or assumed relationships mean the starting point. There are three types of researches in this case:
& Testing simple hypotheses with laboratory or field experiments (e.g. fitotron plant growing room) & Analysing given ecosystems with tactical models (e.g. local case studies, vegetation models, food web models, models of biogeochemical cycles) [5, 6, 19, 22 ] & Examination of general questions with strategic modelling (e.g. competition and prediction models, cellautomats, evolutionary-ecological models)
Our aim is to analyse the effect of some temperatureclimate patterns on the production and community-ecological relations in a strongly simplified theoretical model. The novelty of this modelling is characterised by a guild-specific approach at first (where competitive relationships can be manifested); on the other hand, the population-dynamic model has been connected with the outputs of global circulation models. So, this connection enables us to examine directly the effects of climate change.
Material and Methods
During our examinations, the behaviour of a theoretical ecosystem is studied by variously changing the temperature. The simulation was made by Excel with simple mathematical background. An algae community in a terrestrial freshwater ecosystem is modelled by the theoretical ecosystem [1] .
Algae species are characterised by the temperature interval in which they are able to reproduce. This reproductive feature depends on their temperature sensitivity. There are four types of species based on their sensitivity: super generalists (SG), generalists (G), transitional species (T) and specialists (S). The temperature-optimum curve originates from the normal (Gaussian) distribution, where the expected value is the temperature optimum. The dispersion depends on the niche overlap among the species. The overlap is set in a way that the results correspond with the niche overlap of the lizard species studied by Pianka [16] where the average of the total niche overlap decreases with the number of the lizard species.
The examined temperature range corresponds to the temperature variation in the temperate zone. Thirty-three algae species with various temperature sensitivity can be seen in the Fig. 1 . The daily reproductive rate of the species can be seen on the vertical axis, which means by how many times the number of specimens can increase on a given temperature. This corresponds to the reproductive ability of freshwater algae in the temperate zone [4, 18, 20] .
The 33 species are described by the Gaussian distribution with the following parameters:
Since the reproductive ability is given, the daily number of specimens related to the daily average temperature is definitely determinable. We suppose 0.01 specimens for every species as starting value and the following minimum function describes the change in the number of specimens:
where N(X i ): the number of specimens of the ith species
where j: is the number of the days (normally j=1,2,…,3,655) RR(X i ) j : is the reproductive rate of the X i species on the jth day a=8 V=0.8 r: is the velocity parameter (r=1 or 0.1) The constant values of the K j restrictive function are set in a way where the period of the function is 365.25, the maximum place is on 23rd June, and the minimum place is on 22nd December (these are the most and the least sunny days).
In our researches, the distribution of the algae community of a theoretical freshwater ecosystem is examined by changing the temperature. Rivalry begins among the species with the change of temperature. In every temperature interval, there are dominant species which win the competition. The temperature was changed according to plan in order to estimate the various effects separately. The duration of the simulation was usually 10 years in the experiments. Two experiment series were run according to the dual value of the velocity parameter.
The output parameters of the experiments are the determination of dominant species, the biggest number of specimens, the first year of the equilibrium and the usage of resources. Usage of the resources shows how much is utilised from the available resources (in this case, from sunlight) during the increase of the ecosystem.
Daily temperature values were calculated according to various functions. Simulations were made from the simplest case to the more complex exercise to explain harder questions, too. For the first time, the effect of the constant temperature was examined on the change of the composition of the theoretical ecosystem then the consequences of the linear increase in temperature for the number of species. The annual fluctuation in temperature is periodic-it changes approximately according to the sine function; this sine temperature pattern is examined in the third series of the experiments.
We have found that the difference in temperature between the consecutive days ranges between −7 and 7 values with normal distribution. In order to simulate the daily temperature data, the fluctuation was made by random numbers (from ±1°to ±12°).
Finally, the effect of existing climate patterns (historical or future daily temperatures) was analysed where temperature values were from various climatic zones. Daily average temperature data are periodic through years; therefore, appropriate functions were made to describe the climate.
Describing the Temperature Function used during the Experiments

Constant temperature
Simulation experiments were made on 293, 294 and 295 K with the two velocity parameters (r=1 and 0.1). Fluctuation was added as ±1…±11 K random numbers.
2. Linear increase in temperature for 10 years
where T(1)=268 K is the temperature of the first day, t=2,…,3,655 means the number of the days, β is the sensitivity, which changes from 0.0001 to 0.01. 
where s 2 =0.0172, s 3 =−1.4045. During the experiments, the height (s 1 ) and the place (s 4 ) of the sine function can be modified. The s 1 value is between 15 and 22.5 K, and s 4 is equal to 284 K according to the Budapest historical data.
Existing climate patterns (historical and future)
One of the parameters used for describing the climate is the daily average temperature value. This means a great deal of numbers for long-term (30 years) examinations: 30×365 values. In order to simplify the description of the climate and to ignore the fluctuation between years, a function has been fitted to averages and dispersion of the 30 years' data according to the least squares method. It is found that the daily average temperature from various climate zones fluctuates according to the following function (deterministic term):
The standard deviation of the daily average temperature during the 30 years can be described by the next function (stochastic term):
The daily average temperature values can be classified according to their origin: historical or future. For these data series, daily temperature values can be generated with the following expression:
where t is the number of the year, Rnd() is a random value between 0 and 1. A place has been chosen from the main climate zones and the change in the composition of our theoretical ecosystem has been examined. 4. Analogous places in Hungary by 2100 [8] It is predicted that the climate in Hungary will become the same which is the present day climate on the border of Romania and Bulgaria or near Thessaloniki. According to the worst prediction, the climate will be like the current North-African climate. Therefore, the following places have been examined: Scenarios of analogue places are simple because temperature is the only factor which has been considered.
Results
Constant temperature (a) r=1 (velocity factor); without daily fluctuation
The ecosystem answers according to our expectations on constant temperature. The use of resources is nearly 100%. 293 K is the optimum reproductive temperature for the species S13, T7, G4 and SG1. Considering their amount, these species occur in the above sequence, but species G4 and SG1 have less than 100 specimens; 295 K is the optimum reproductive temperature for the species S14. The use of resources is almost 100%. During the simulation, the species S14 occurs with many, the other species (K7, K8, G4, SG1) with a few, less than 10 specimens.
There is no optimum reproductive temperature for any other species. In this case, the use of resources is nearly 100%; the species S13 and S14 have the same number of specimens (for both, five million specimens is the maximum), and the species T7 reaches nearly one million specimens during the experiment. Comparing the cases of the constant temperature simulation, the results can be seen in Fig. 2 , where the degree of the fluctuation is shown on the horizontal and that of the use of resources on the vertical axis.
In Fig. 3 , the maximum numbers of specimens are represented according to the experiments for 293, 294 and 295 K, respectively. Within a year, the number of specimens usually fluctuates in two orders of magnitude since there is a restriction for reaching the sunlight. The darkest colours show the specialists; apparently, these species occur in experiments with little fluctuation. Decreasing the velocity factor, the specialists also occur in case of larger random numbers. The transient species are followed by the generalists as the colours are fading on the diagram. The lightest super generalist is the only one above ±6 K fluctuation, and it reaches the maximum fluctuation where it is able to reproduce (±10 K).
The time of reaching the dynamic equilibrium can be seen in Fig. 4 . Decreasing the velocity factor, the equilibrium evolves later: the reddish colours are related to slower, the bluish ones are related to faster processes.
Linear increase in temperature for 10 years
During these experiments, the sensitivity factor (β) was changed. The result can be seen in the Fig. 5 , where the vertical axis shows the use of resources; the horizontal axis is related to sensitivity and fluctuation. The starting temperature value was 268 K in all cases. The slower processes have smaller values for the use of resources as it can be seen in cases of constant temperature as well.
In case of processes that have had larger sensitivity (β= 0.005 or 0.01), the use of resources does not decrease to zero in case of quite large random fluctuation (±7 K) as it does in cases with smaller sensitivity.
The dominant species for each experiment can be seen in Table 1 . The increase of the fluctuation is good for the super generalists.
Comparing the constant and the linear cases around 284 K, there is no species which would have this temperature as an optimum reproductive value (see Table 2 ). In cases where there is no fluctuation, the specialists occur but when there is a little increase in fluctuation, these specialists disappear.
Sine temperature pattern within a year
The sine function of the annual temperature pattern has two changeable parameters. One of these is the parameter s 1 : this means the height of the amplitude of the function; the other is the parameter s 4, which shows the annual average temperature. Increasing the amplitude (s 1 ) of the function, values of the use of resources significantly decrease. The increase in random fluctuation makes the use of resources values decrease (see Fig. 6 ). The dominant species and the values of the use of resources can be seen in Table 3 .
Doing the simulation series, in case of smaller velocity parameter (r=0.1), it is found that the use of resources is nearly zero almost in all without-fluctuation cases. 
Temperature values from 1960 to 1990 in Hungary
The equilibrium has been reached; the competition of the species can be seen in Fig. 7 . The faster ecosystem has a lot of specialists and some transient species. During summer, there is stationary temperature; therefore, the slower and the faster ecosystems show quite a similar picture (species S13, T7, G4 and SG1); in winter, the species K2 (the lightest) occurs.
(a) Future temperature in Budapest
According to the A2 scenario (HC adhfa), there is no optimum reproductive temperature for any species during Fig. 4 The year of reaching the dynamic equilibrium during simulations with constant temperature and increasing fluctuation Fig. 3 Annual maximum number of specimens of the species on constant temperature with different velocity parameters (logarithmic representation) the slower or the faster processes. In winter, there will be more species such as G2, T3, S5 and S6. According to the B2 scenario (HC adhfd), the species G5 has optimum reproductive temperature in summer. There are older predictions for the future temperature in Debrecen (UKLO, UKTR31, GF2534, GF5564, UKTR31), which show similar results with the historical data series. The UKLO estimation resembles the MPI 3009 prediction as the seasons do not separate. The results of this prediction considerably differ from the other data series, the species S16, T9 and T8 occur in summer.
Comparing the UKHI and UKLO predictions, the results differ. In the first case, there is no separation between the seasons; in the second, one summer and winter are well separated. The occurring species considerably differ from the results of the newer predictions (MPI, HC). The simulation results of analogous places show that the species composition is similar to the historical data in case of Turnu Magurele, similarity exists with future estimations in winter. Present-day temperature of Cairo shows analogy with MPI 3009 predictions by 2070-2100 rather well.
Historical international data from various climate zones
Bangui is situated in the tropical zone; therefore, the temperature is nearly constant throughout the year. In this climate, the species G5 is autocrat. In case of slower process, the specialist S16 occurs among the dominant species:
Taskent has dry, waste climate, where the species pattern is similar to the future predictions for 2100 in Hungary. In Den Helder, the seasons separate well. In Sodankyla, species which have cold tolerance except in winter can reproduce. In Addis Ababa, the species SG1 becomes dominant in the course of the faster case; during the lower simulation, the dominant species are G4, K6 and S12. 
Comparisons
The use of resources values for the various simulations can be seen in Fig. 7 . The annual number of all specimens for simulations is shown in Figs. 8, 9 and 10. year in the faster simulation, but in the slower simulation, there are two species (G4 and SG1) with nearly equal number of specimens after 10 years. 5. Changing the parameter s 4 in sine temperature pattern simulations, it can be seen that the use of resources is little on the border of the examined temperature interval (T=303 and 315 K). With increasing fluctuation, the species disappear when random numbers are larger than ±6 K. The parameter s 1 stands for the amplitude of the sine functions; increasing this value, the values of the use of resources decrease. 6. As a general rule, it can be said that specialists disappear from dominant species in case of a fluctuation of already ±1 K. Generalists exist up to a daily fluctuation of ±6 to 7 K, but above these values, only super generalists occur up to a fluctuation of maximum ±10 to 11 K. 7. In case of sine temperature pattern, it can be stated that decreasing the value of the velocity factor, the number of specimens significantly decreases. Mean- Fig. 9 Total number of specimens for a year in case of various climates with r=1 velocity parameter Fig. 8 Use of resources values in case of various climate zones while, the amplitude of the temperature function is quite small (s 1 =2 or 8); there are some specimens, but increasing the amplitude, the species disappear. 8. The total number of specimens in a year decreases for the given species in the future (using estimated weather data series by 2070-2100, MPI 3009, HC adhfa and HC adhfd), the degree of decrease is different among the various results. 9. The older predictions (UKLO, UKHI and UKTR31)
show nearly the same values as historical results do related to the use of resources and the annual average number of specimens. 10. Comparing the Hungarian historical data with results of predictions of analogous places by 2100 (Cairo, Turnu Magurele), it can be said that the total number of specimens is the same, but it is a little higher in case of Cairo. During the slower simulation process, the total number of specimens decrease in case of Turnu Magurele, and in Cairo, there will be significantly more specimens (10 times more). 11. The artificial ecosystem reaches a dynamic equilibrium in 2 to 3 years in case of the predicted and historical data series except for the slower simulation with constant temperature, where this period lasts for 7-10 years.
Discussion
In the course of our simulations, it has been shown what kind of effects there are on the composition and competition of an ecosystem when temperature changes. Specialists reproducing in narrow temperature interval are dominant species in case of constant or slowly changing temperature pattern, but these species disappear in case of small fluctuation in the temperature. Many authors draw attention to the relevance of temperature as the main regulating factor [2, 3, 19] . Changing climate means the increase not only in the annual average temperature but also in variability, which is a larger fluctuation among daily temperature data [5] . As a consequence, species with narrow adaptation ability disappear, species with wide adaptation ability become dominant and the biodiversity decreases.
Because of global warming and changing climate, the various ecosystems have to find a way to reach the equilibrium. Some plant species will disappear because of the change in optimum temperature, which is needed for their reproduction. The number of specimens could largely change and the composition of various ecosystems will be reorganised.
Comparing the Hungarian historical data with the regional predictions of huge climate centres (HC, MPI), it can be stated that the newer estimations (such as HC adhfa, HC adhfd and MPI 3009) show a decrease in the number of specimens in our theoretical ecosystem. According to the older predictions (such as UKLO, UKHI and UKTR31), the composition of the ecosystem does not change in proportion to the historical results.
In the predictions, places where the temperature is the same now as it will be in Hungary by 2100 are dealt with. Simulations with the historical temperature pattern of these analogous places show that our ecosystem works similarly in the less hot Rumanian lowland (Turnu Magurele); the number of specimens and the use of resources increase using North African temperature data series. In further research, it could be interesting to analyse the differences in the radiation regime of the analogous places. Ecosystems have an important role in the biosphere in development and maintenance of the equilibrium. Regarding the temperature patterns, it is not only the climate environment which affects the composition of ecosystems but plants also make a feedback to their milieu during the photosynthesis and respiration in the global carbon cycle. Specimens of the ecosystems do not only suffer from change in climate but they can also affect the equilibrium of the biosphere or the composition of the air through the biogeochemical cycles. There is an opportunity to examine the controlling ability of temperature and climate with the theoretical ecosystem.
In our further research, we would like to examine the effect of the ecosystem on the climate. These temperature feedbacks have got a great emphasis related to DGVM models with large computation needs [7] , but the feedbacks cannot be estimated directly. We would like to examine the process of the feedback with PC calculations to answer easy questions.
